ABSTRACT BACKGROUND: Despite rapid diagnosis and aggressive neurosurgical intervention, acute subdural hematoma (ASDH) is a severe type of head injury that can result in high morbidity and mortality. Although surgical procedures, such as craniotomy and decompressive craniectomy (DC), can be effective, the preferred approach for treating an ASDH remains controversial. The aim of this report was to evaluate factors associated with mortality in patients with ASDH and determinants of outcome in those with ASDH who underwent DC.
INTRODUCTION
Acute subdural hematoma (ASDH) is diagnosed in approximately one-third of patients with severe traumatic brain intracranial pressure and is modified by cerebral blood flow changes, coagulopathy, and delayed hematomas. [1, 2] To minimize secondary brain damage, ASDH with brain compression and herniation should be urgently evacuated via craniotomy with or without decompressive craniectomy (DC). [3] Mortality due to ASDH is affected by many variables. Although an effective surgical technique has not been well established yet, DC is among the most preferred surgical procedures for the treatment of patients with severe traumatic brain injury to prevent intracranial hypertension caused by cerebral edema. [4] [5] [6] DC helps in controlling of increased intracranial pressure and preventing disturbed cerebral blood flow and edema caused by vasoparesis to maintain the metabolism of the injured brain. [7] Previous studies have reported that the mortality rate was higher in patients with ASDH with lower Glasgow Coma Scale (GCS) scores, a greater hematoma thickness, an excessive midline shift, and in those who were younger. [1, [8] [9] [10] Furthermore, some studies indicate a higher mortality rate in patients with additional traumatic lesions, particularly in those having experienced out-of-vehicle traffic accidents. [8, 11, 12] Although DC has become more popular in recent years, its use has not been generally accepted yet. Although the GCS scores, age, and neurological examination and neuroimaging study results are strongly correlated with the outcome, the role of these factors has not yet been clearly defined. [1] In the current study, we retrospectively reviewed 93 consecutive patients with ASDH to identify and predict the preoperative clinical prognostic factors influencing mortality and to assess the correlation with the GCS score and demographic, clinical, and radiological characteristics.
MATERIALS AND METHODS
This retrospective cross-sectional study was approved by the ethics committee of University of Health Sciences, Sisli Hamidiye Etfal Training and Research Hospital and was performed in accordance with the Declaration of Helsinki. We reviewed the records of 93 patients having undergone surgical intervention for ASDH, who were admitted within 3 h of injury to the emergency room during a 60-month period from 2012 to 2017. We excluded the data of 24 patients with a GCS score of 3, who had died immediately and 26 patients with ASDH who were treated conservatively. All patients were treated according to the guidelines for the management of patients with severe traumatic brain injury, third edition. [13] The patients' demographic characteristics (age, sex), information on trauma, the GCS score on admission, brain computed tomography (CT) findings, neurological examinations, and postoperative complications were recorded.
The unilateral, bilateral, or bifrontal DC using the usual techniques was performed based on the presence of the lesion or diffuse brain swelling. After the duraplasty, using a dura graft that was excised from the galea, the temporal muscle was sutured loosely above the dura. Following the surgery, all patients were followed up in the neurosurgical intensive care unit for postoperative monitoring. A control brain CT was performed in all patients after the surgery. The patients were transferred to the ward after their vital signs were stable.
Statistical Analysis
In this study, all statistical tests were performed with the Statistical Package for the Social Sciences (SPSS) 23.0 software (IBM Corp., Chicago, USA). Descriptive statistics (mean, standard deviation, frequency, and percentage) were used for the demographic and clinical characteristics. Categorical data were compared using the chi-squared test or Fisher's exact test. A multivariate logistic regression analysis was performed for the in-hospital mortality to determine the clinical predictors. A p-value of <0.05 was considered to be statistically significant.
RESULTS
During the 5-year period, 93 patients were treated for ASDH due to head injuries. These injuries were treated with DC, which was performed at our neurosurgery department. The mean age of the subjects was 59.82±19.49 years (range, 16-88 years). There were 65 male patients. The in-hospital mortality rate was 17.2%. Trauma due to fall (46.2%) was the most common etiology, and the mean time from the emer- gency department admission to surgical intervention was 3 h. Forty-three patients (46.2%) had co-existing pathologies, such as epidural hematoma, traumatic subarachnoid hemorrhage, compression fracture, and contusion. None of the patients had a history of alcohol abuse. Four patients had a history of multiple falls. Three patients were treated with anti-aggregants and/or anticoagulants. Intracranial pressure (ICP) monitoring was not done because of the acute surgical operation.
The mean hematoma thickness was 15.46±5.73 mm. The ASDH thickness was not correlated with the GCS score (p=0.136). There was no statistically significant relationship between the mean ASDH thickness and the mortality rate. The mean midline hematoma shift was 9.90±4.84 mm. The midline shift was correlated with the GCS score and mortality rate (p=0.022). The demographic, radiologic, and clinical characteristics of the patients are given in Table 1 . The most common complication of the surgery was the development of meningitis, which occurred in 5 (15%) patients. Sixteen (17.2%) patients died after surgery. An improvement in the GCS scores was noted in 68 patients at the follow-up during the hospital stay.
The analysis of association between mortality and demographic and clinical characteristics is given in Table 2 . The administration of blood thinners did not show a statistically significant association with an increased risk of mortality (p=0.071). Neither additional pathology nor etiology of trauma had a significant relationship with the mortality rate.
The mortality rate was positively correlated with an excessive midline shift (p=0.011, r=0.262) and age (p=0.022, r=0.237) ( Table 3) . Patients with the midline shift ≥10 mm and patients with a hematoma thickness ≥15 mm had a significant association with the mortality rate (p=0.014, p=0.039). An association analysis of the hematoma thickness and midline shift (mm) on the mortality rate was presented in Table 4 . We developed a multiple logistic regression model to assess the relationship between the mortality rate and clinical variables. Among the used variables, the GCS scores lower than 6 and older age were associated with greater odds of mortality in the logistic regression analyses (Table 5) .
Illustrative Cases old female patient who developed ASDH due to experiencing a car crash and who had a GCS score of 4. A right DC followed by a left craniectomy was performed. The patient required a ventriculo-peritoneal shunt due to hydrocephalus. She was neurologically intact by the third month following discharge. Figure 2 shows the serial cranial axial CT scan of a 35-yearold male patient with left-sided ASDH and traumatic subarachnoid hemorrhage with a midline shift. Cranioplasty was performed after 3 months. 
DISCUSSION
This study aimed to demonstrate the outcomes pertaining to the management of ASDH after DC and to assess which parameters were significant in predicting the patient mortality. Our logistic regression analysis demonstrated that the older age and lower GCS scores were related to higher mortality rates. Moreover, our results indicate that the presence of an additional pathology and etiology of trauma had no significant relationship with the mortality rate. Patents with the midline shift ≥10 mm and patients with a hematoma thickness ≥15 mm showed a significant correlation with the mortality rate. Furthermore, the mortality rate was positively correlated with age and the midline shift. In this study, all patients underwent hematoma evacuation via DC immediately upon admission. Different surgical techniques, namely, twist drill trephination/craniostomy procedures, burr hole trephination, craniotomy with or without dural grafting, and subtemporal DC, have been used for the evacuation of an ASDH. [14] Although the indications for the operation methods have not been clearly established in ASDH, there are limited studies investigating the effect of procedure types on outcomes. The choice between craniotomy and DC techniques may depend on the neurosurgeon's expertise and training. A progression in the neurological deficit (altered mental status, pupillary asymmetry, etc.) and radiological changes over time are other important factors considered to decide the type of surgical treatment. Similar to our department, some centers treat all subdural hematomas (SDHs) with DCs [15, 16] to prevent herniation from compressing the brain and brainstem.
In a study analyzing the association of surgical methods and outcomes of ASDH patients, Vilcinis et al. [2] recently reported a higher mortality rate and worse discharge outcomes for patients with ASDH who had undergone DC, independent of clinical severity compared with the rate and outcomes for those who had undergone osteoplastic craniotomy. The authors explained that these worse outcomes in DC patients were caused by a greater brain injury severity. Similar to previous studies, they preferred DC as the surgical method for younger patients presenting with severe brain damage. [17, 18] In our study, we did not divide the patients into groups according to their ages. Furthermore, the mortality rate was found to be lower in the younger subjects in our sample. Our findings demonstrate that younger patients also benefit from this procedure. According to our experience, enlarging the craniectomy may help in controlling the intracranial pressure and brain damage and decrease the mortality and morbidity rates. Koç et al. [19] reported on 113 patients who underwent craniotomy for traumatic ASDH; these patients were followed up for 3 months after admission and showed a mortality rate of 60%. Leitgeb et al. [11] demonstrated a higher mortality rate and found that nonoperative management was associated with a significantly higher mortality rate. Our mortality rate was only 18%; thus, we can conclude that immediate and adequate DC procedures prevent symptoms of brain damage, such as brain swelling, neurological deterioration, infarction, and acute edema, following a massive infarction. In this study, we aimed to share our DC experience in patients with ASDH to identify and predict the preoperative clinical prognostic factors on the mortality rate. Our results demonstrate that performing DC among older individuals and lower GCS scores are associated with a higher mortality rate. In addition, it should be kept in mind that patients with the midline shift ≥10 mm and a hematoma thickness ≥15 mm on the radiological evaluation are associated with higher mortality rates. lated to DC include brain parenchyma herniation, hygroma and hydrocephalus, contralateral subdural hematoma, intraparenchymal hemorrhage, infection, and brain edema. [20] Meningitis was the most common complication reported in our series. Despite the importance of the time of surgery in ASDH, research on this aspect is limited. Shabani et al. [21] reported that neurologic deterioration occurred within the first 24 h in 70% of delayed ASDH patients. Wilberger et al. [22] demonstrated that the mortality in DC patients operated on within 4 h of injury was 59% and that the mortality in patients operated on more than 4 h after injury was 69%. In our patients, the mean time between injury and operation did not show a statistically significant relationship with mortality. Although these findings suggest that the time of surgical intervention for SDH does not primarily affect the mortality, to the best of our knowledge, early intervention is necessary to prevent a substantial impact of brain injury regardless of the GCS score. Similar to our results, comorbid intracranial and extracranial lesions have been reported in larger series to occur in 47%-57% of patients with ASDH with GCS scores between 3 and 15 and in 65%-82% of those with GCS scores less than 10.
[ 13] We did not identify a correlation between sex, the cause of accident, hematoma thickness, comorbid hemorrhage, and additional pathological findings, similar to the findings of previous case series. [4, 8] Moreover, we did not detect statistically significant differences in the mortality rate between the group of patients using blood-thinning medication and that of patients not using the medication. The lack of statistical significance can be explained by the small number of patients treated with anticoagulants and/or antiplatelet drugs.
The ICP monitoring is clinically useful after a secondary DC procedure for controlling the ICP and neurosurgical management of brain injury. However, it is still unclear whether ICP monitoring is practical after primary DCs. [23] In their study, Huang et al. [24] elucidated the relationship between the ICP monitoring and outcomes in patients undergoing primary DC for traumatic brain injury. They reported that neurological outcomes did not differ between the patient groups with ICP monitoring and without ICP monitoring. On the contrary, in a retrospective study by Picetti et al., [25] authors evaluated the clinical follow-up in 34 patients after primary DC following emergency hematoma evacuation. They noted that the knowledge of ICP values might be helpful in guiding therapy after primary DC. In our clinical practice, we did not perform ICP monitoring due to acute phase surgical operation and extensive DC and duroplasty procedures.
This study has some limitations. First, because it was a retrospective study, only eligible data in the charts were evaluated. Second, the study was performed at a single center. However, recording long-term outcomes is the strength of this study. In addition, our hospital is one of the well-equipped trauma centers in Istanbul, and it treats medically complicated cases with traumatic injuries.
In conclusion, our findings show that older age and lower GCS scores among patients with ASDH who underwent DC are associated with a high mortality rate in regression analyses. Although several studies have reported that DC is generally preferred in older patients with lower GCS scores, we suggest that the enlargement of DC be considered depending on the severity of cerebral edema to minimize complications regardless of the patient's age.
